We describe mutant tissue lines of Arabidopsis that are able to grow in vitro as callus on hormone-free medium. The 14 lines presented here show different hormone autotrophic differentiation behaviors that can be classified into three categories: (a) forming roots (rooty callus), (b) forming shoots or shoot-like structures (shooty callus), or (c) growing without organ formation (callus). Three fast-growing lines showed altered steady-state mRNA levels of the Cdc2 and CycD3 cell cycle genes. Three of the six rooty callus lines contained about 20-to 30-fold higher levels of auxins than wild-type callus. These and two other lines with normal auxin content showed an increased steady-state level of IAA1 and IAA2 transcripts in the absence of exogenous auxin. Five of the six shooty callus lines had increased steady-state mRNA levels of the CKI1 gene and/or of the homeobox genes KNAT1 and STM, suggesting that the phenotype is linked to altered cytokinin signaling. Also, one cytokinin-overproducing line with only 5% of wild-type cytokinin oxidase activity was identified. These results indicate that screening for hormone-autonomous growth identifies mutants with altered hormone content or signaling.
Plant cell division, growth, and differentiation need to be precisely controlled during development to ensure coordinated growth of tissues. Most mitotic activity is restricted to the meristems and the young growing tissues surrounding them. A loss of this control could lead to cell division and growth at ectopic positions and eventually to the development of unorganized tissue growth (i.e. plant tumors).
In many instances, de-differentiation and tumor formation in plant tissue is caused by an imbalance of the hormones auxin and cytokinin. Plant tumors are often able to grow in vitro as callus on medium without auxin or cytokinin. For example, pathogenesis of the crown gall disease after infection by Agrobacterium tumefaciens, a well-studied case of plant tumor formation, is caused by the transfer and expression of auxin-and cytokinin-synthesizing genes to the plant cell (for review, see Morris, 1995) . The auxin-tocytokinin ratio influences qualitatively and quantitatively growth and differentiation of tumors in planta or callus grown in vitro. A high auxin-to-cytokinin ratio leads to root formation in calli, while a low auxin-to-cytokinin ratio favors shoot formation (Skoog and Miller, 1957) .
Not only altered hormonal content, but also changes in hormone sensitivity or signal transduction can lead to the formation of tumors with a distinct differentiation behavior. The transgenic overexpression of the Agrobacterium rhizogenes rolB gene enhances auxin sensitivity and induces the formation of ectopic roots (Cardarelli et al., 1987; Maurel et al., 1991; Schmü lling et al., 1993) . Overproduction of the CKI1-encoded His kinase homolog mimics enhanced cytokinin signaling and induces shoot formation (Kakimoto, 1996) . In Nicotiana tabacum, plants carrying the Hl-1 allele form tumors after infection with the auxinsynthesizing genes of A. tumefaciens. In wild-type plants tumors form after treatment with auxin and cytokinin (Meyer et al., 1997) . This indicates that Hl-1 enhances the sensitivity of certain tissues to cytokinins or activates growth-factor-independent pathways.
Other examples of genes that deregulate proper control of cell division and growth are the oncogenes 6b and lso of A. tumefaciens T-DNA. Infection with either gene leads to the formation of undifferentiated tumors on a limited number of host plants (Hooykaas et al., 1988; Otten and Schmidt, 1998) . Similarly, overexpression of the KNAT2 and CycD3 genes causes an auxin-and/or cytokininindependent tumor formation on Arabidopsis leaves (Dockx et al., 1996; Riou-Khamlichi et al., 1999) . Arabidopsis tumors that show hormone-independent growth are also formed as a consequence of somatic mutations after ␥-ray irradiation (Persinger and Town, 1991) .
Plant tumors also arise spontaneously in certain combinations of genotypes and in high-inbred lines. These socalled genetic tumors have been especially well studied in the genus Nicotiana, e.g. in Nicotiana glauca ϫ Nicotiana langsdorffii hybrids (Smith et al., 1976; Ichikawa and Syono, 1991) and in radish (Buzovkina et al., 1993; Lutova et al., 1997) .
We have used a genetic approach to identify elements that normally regulate cell division and differentiation and prevent tumor formation. In light of the close links between tumor formation and auxin and cytokinin metabolism and signaling, we hypothesized that this approach would lead to the identification of potential new hormone mutants. Negative control elements of cell division and differentiation that are not directly related to these hormones may also be identified using this approach. We isolated 14 Arabidopsis mutant tissue lines that showed a de-differentiation of organized tissues after germination, and subsequently grew in vitro as callus without exogenous hormones. Based on their differentiation behavior, we distinguish three mutant classes: the shooty callus class (s1-s6), the rooty callus class (r1-r6), and the callus class (c1-c2). We describe changes in hormone concentration and altered steady-state transcript levels of genes such as the IAA, CKI1, and homeobox genes, which play central roles in growth and development.
MATERIALS AND METHODS

Mutant Screening and Growth Conditions
Ethylmethane sulfonate (EMS) mutagenized seeds of Arabidopsis Heynh. ecotype Columbia (Col-1 gl1) were purchased from Lehle Seeds (Round Rock, TX). Approximately 29,000 surface-sterilized M2 individuals from four parental families were plated in vitro on hormone-free Murashige and Skoog (MS) medium (Murashige and Skoog, 1962) , containing 3% (w/v) Suc and solidified with 9 g/L agar (Agar Agar reinst, Merck, Darmstadt, Germany). Plates were incubated at 24°C under light (16 h)/dark (8 h) cycles. Seedlings were screened after 4 weeks for individuals that de-differentiated and continued to grow as callus-like tissue. Calli were further propagated on hormone-free MS medium and transferred weekly to fresh medium.
Growth Measurement
For growth measurements, tumor explants (approximately 100 mg fresh weight) were placed on individual Petri dishes on hormone-free medium. The growth rate was expressed as W ϭ (W t Ϫ W 0 )/W 0 . W 0 and W t are the initial sample weight and the weight after 7 d, respectively. Data are the means of three experiments with five samples per data point in each experiment. Wild-type callus was grown on medium containing 1 mg/L naphthylacetic acid and 0.1 mg/L N 6 -(⌬ 2 isopentenyl)adenine riboside (iP).
Hormone Analysis
The cytokinin and indole-3-acetic acid (IAA) content of callus harvested 7 d after subcultivation was measured as described previously (Prinsen et al., 1995a (Prinsen et al., , 1995b ]indole-3-acetic acid (50 ng, Cambridge Isotope Lab, Cambridge, MA) were initially added as internal tracers for recovery and analytical purposes. The different cytokinin fractions obtained after purification were analyzed by micro liquid chromatography with column switch configuration coupled to positive ion electrospray tandem mass spectrometry using multiple reactant monitoring (Prinsen et al., 1995b (Prinsen et al., , 1998 . After pentafluorobenzyl derivatization of IAA, PFB-IAA was analyzed by negative ion chemical ionization gas chromatography-selected ion monitoring-MS (Epstein and Cohen, 1981) . Prior to purification, IAA conjugates were converted to free IAA by alkaline hydrolysis (Bialek and Cohen, 1989) .
Cytokinin Oxidase Activity
Cytokinin oxidase was extracted from 3 to 8 g of callus tissue harvested 7 d after subcultivation. The cytokinin oxidase activity was determined using the method of Chatfield and Armstrong (1986) as modified by Motyka and Kamínek (1994) based on the measurement of the rate of conversion of [2,8- 3 H]iP to adenine. Separation of the substrate from the product of the enzyme reaction was achieved by thin-layer chromatography on microcrystalline cellulose plates developed with the upper phase of the 4:1:2 (v/v) mixture of ethylacetate/n-propanol/water. Zones containing iP and adenine were located under UV light, cut into strips, and their radioactivity was measured using the liquid scintillation technique. Cytokinin oxidase activity determinations were repeated three times for each tissue sample. The sd averaged 8% and did not exceed 17% of the means.
RNA Analysis
Total RNA was extracted from plant tissues according to Verwoerd et al. (1989) . RNA (50 g) was separated in a denaturing 1.5% (w/v) agarose-formaldehyde gel, transferred to nylon membranes (Hybond N, Amersham, Buckinghamshire, UK), and hybridized with radioactive-labeled DNA probes generated with a random primer labeling kit (Prime-It II, Stratagene, Heidelberg). Hybridizations were carried out in hybridization solution (QuickHyb, Stratagene) according to the manufacturer's instructions. The lowest stringency wash was performed in 0.2ϫ SSC and 0.1% (w/v) SDS at 65°C. As a control for loading, the blot was rehybridized with a 25S rDNA probe.
RESULTS
Identification and Classification of Mutant Lines
Among approximately 29,000 mutagenized M2 seedlings, we identified 14 lines that showed tissue de-differentiation after germination. In all cases tissue dedifferentiation yielded callus or callus-like tissue that could, in contrast to wild-type callus, be propagated on hormone-free medium (Fig. 1a) . Based on their main characteristics, we distinguished three mutant classes: (a) six lines that we called rooty callus (r1-r6) grew as a brownish, soft callus, formed roots, and were uniform in appearance (Fig. 1b) ; (b) six lines that we called shooty callus (s1-s6) were green, formed shoots or shoot-like structures (Fig. 1c) , and differed in their capability to form shoots and in the size of the shoots; and (c) two lines that we called callus1 and callus2 (c1 and c2) formed neither shoots nor roots on hormone-free medium (Fig. 1a) . Line c1 responded readily to exogenous cytokinin by forming shoots, whereas no shoots formed in c2, even after prolonged incubation with elevated cytokinin concentrations (10 mg/L iP). c2 formed roots in response to exogenous auxin. Therefore, for further investigation, c1 was examined in parallel with the shooty callus class, c2 with the rooty callus class. The phenotype of all mutant tissue lines has been stable for more than 2 years.
We attempted to regenerate plants from the calli to obtain progeny and to characterize the mutant lines genetically. The rooty callus and callus lines, as well as the majority of the shooty callus lines, could not be regenerated to form plants or were infertile. From line r1 we obtained two seeds by selfing more than 200 regenerants. One of these seeds germinated in vitro and reproduced the parental phenotype. Dedifferentiation and callus formation occurred in the F 2 progeny of line s1, obtained after backcrossing with the wild type, at a ratio of approximately 1:3 (122 of 466 analyzed F 2 seedlings showed the mutant phenotype and 344 were phenotypically wild type), indicating that a single recessive mutation is responsible for the phenotype. The mutated locus has been mapped to chromosome 2 (data not shown). A more detailed analysis of this mutant will be described elsewhere (M. Frank, I. LorenzMeyer, A. Guivarch, D. Chriqui, and T. Schmülling, unpublished data).
Growth and Cell Cycle Regulator Genes
First, we compared the growth rate of the mutant lines growing on hormone-free medium with wild-type callus growing on auxin-and cytokinin-containing medium. The gain in fresh weight was for all mutant lines 2-to 13-fold faster than for wild-type callus. The highest increases in fresh weight were found in the lines s6 and r3 (Table I ; data not shown).
Next, we investigated steady-state mRNA levels of the cell cycle genes H4, Cdc2a, and CycD3 in the mutant lines and compared it with wild-type seedlings and callus. Deregulated expression of the homologous genes in animals is often linked to tumor formation (Hunter, 1997) . Results of northern-blot analyses are shown in Figure 2 , and the relative signal strength compared with the 25S control hybridization is listed for selected lines in Table I .
The transcript abundance of the histone H4 gene, a marker for the cell cycle S phase, was in almost all mutant calli comparable to that of wild-type seedlings and calli. The highest H4/25S ratios, 2.5 and 1.9, were found in the fastest-growing lines s6 and r3, respectively (Table I) .
Expression of Cdc2a occurs in dividing cells and in cells with competence to divide (Hemerly et al., 1993) . As indicated in Figure 2 and Table I , the fastest-growing mutant lines, s6, r3, and c2, showed a slightly enhanced steadystate mRNA level of Cdc2a. The Cdc2a/25S ratios were 1.3-to 1.4-fold higher than in the wild type or in the other mutant calli (Table I ; data not shown).
CycD3 regulates the G1/S transition. Its overexpression causes cytokinin-independent tumor formation in plants ( Riou-Khamlichi et al., 1999) . Figure 2 and Table I show that CycD3 transcript levels were approximately 1.9-to 3.5-fold increased in lines s6, c2, and r3 compared with wild-type seedlings and calli. 
Analysis of the Auxin and Cytokinin Content
The mutant lines mimic a hormone effect without the presence of exogenous hormones. We therefore determined the endogenous concentrations of auxin and cytokinins. Table II shows that the IAA content was approximately 10-to 25-fold higher in the lines r1, r2, and r6 than in control tissue. In the same lines, the IAA conjugate concentration was increased 5-to 33-fold. In contrast, lines r3, r4, and r5, both c lines, and all s lines contained similar auxin and auxin conjugate levels as controls (data not shown). Table III shows that line c1 contained between 5-and 80-fold higher concentrations of most of the 17 different cytokinin metabolites of the iP-, trans-zeatin, and dihydrozeatin-type cytokinins compared with wild type. The highest increases were found for zeatin riboside (20-fold) and the O-conjugates zeatin O-glucoside (81-fold) and dihydrozeatin O-glucoside (45-fold). It is noteworthy that the total content of N-conjugates was higher than that of the O-conjugates (Table III) . This indicates that N-conjugation is relevant in Arabidopsis, while it is weak or does not occur in cytokinin-overproducing tobacco (Motyka et al., 1996; Faiss et al., 1997; Rupp et al., 1999) . The cytokinin content of all other mutant lines was similar to wild type or did not show consistent differences (data not shown).
Analysis of Cytokinin Oxidase Activity
The presence of higher cytokinin metabolite concentrations in line c1 could be due to increased cytokinin synthesis and/or decreased catabolism. Cytokinin oxidase is the key enzyme of cytokinin degradation in plants (Armstrong, 1994) . Table IV shows that c1 has approximately 5% of wild-type cytokinin oxidase activity. None of the other tested lines (r1, c2, s1, s4, and s6) had significantly altered cytokinin oxidase activities compared with wild-type callus (Table IV; data not shown).
Steady-State mRNA Levels of IAA1 and IAA2
We used the auxin primary response genes IAA1 and IAA2 (Abel et al., 1995) as marker genes to test for altered auxin signaling in the mutants. Figure 3 shows that r1, r2, r3, and c2 contained approximately 3-to 5-fold elevated steady-state mRNA levels of the IAA1 and IAA2 genes. In contrast, the s lines and line c1 contained no detectable or only low levels of these transcripts (Fig. 5 and data not Figure 2 . Northern-blot analyses of H4, Cdc2, and CycD3 steadystate mRNA levels in wild-type seedlings (wt, s), wild-type calli (wt, c), and mutant calli. Total RNA (50 g) was separated in a denaturing formaldehyde gel and, after blot transfer to a nylon filter, hybridized with 32 P-labeled specific cDNA probes. Hybridization with a 25S rDNA probe served as a control for loading. Figure 2 were determined by measurement of the optical filter density. Ratios of signal strength were compared with the ratio of WT callus, which was set arbitrarily at 1. ND, Not determined. shown). Lines r3 and c2 do not have an elevated auxin content, which indicates altered auxin signal transduction.
Steady-State mRNA Level CKI1
The shooty callus mutant lines showed cytokininautonomous proliferation and shoot formation similar to Arabidopsis calli overexpressing the CKI1 gene (Kakimoto, 1996) . Figure 4 shows that lines s1, s2, and s4 contained at least a 5-fold-increased steady-state mRNA level of CKI1 compared with wild-type control tissues. Lines s3 and s5 contained elevated levels of CKI1 mRNA, but the increase was not as large (Fig. 4) .
Steady-State mRNA Levels of KNAT1 and STM
The transgenic overproduction of cytokinins, KNAT1, or its maize homolog, KN1, are sufficient to induce ectopic shoot formation in tobacco and Arabidopsis, indicating that they might act on a common pathway (Sinha et al., 1993; Hewelt et al., 1994; Chuck et al., 1996) . Therefore, deregulated expression of homeobox genes could be linked to the phenotypic traits of the shooty callus mutant class. Northern-blot analyses of IAA1 and IAA2 steady-state mRNA levels in wild-type seedlings (wt, s), wild-type calli (wt, c), and mutant calli. Total RNA (50 g) was separated in a denaturing formaldehyde gel and, after blot transfer to a nylon filter, hybridized with 32 P-labeled specific cDNA probes. Hybridization with a 25S rDNA probe served as a control for loading. Figure 5 shows that the steady mRNA levels of STM was 3-to 4-fold increased in all shooty callus lines (especially in lines s1, s2, and s5) compared with wild-type seedlings and calli. KNAT1 mRNA accumulated also in these lines. In contrast, lines s3, s4, and s6 contained KNAT1 mRNA levels comparable to wild-type and seedlings and calli (Fig. 5 ).
Both genes were poorly expressed in the rooty callus lines (data not shown).
DISCUSSION
We have isolated three mutant classes that exhibited loss of control of cell division activity after germination and could grow as a callus on hormone-free medium. These mutant tissue lines resemble phenotypically somatic mutants isolated previously after ␥-radiation of Arabidopsis seeds and seedlings (Persinger and Town, 1991; Campell and Town, 1992) . The lines described here were analyzed for differences in cell cycle gene expression and, in particular, for differences in auxin and cytokinin content or signaling to detect an eventual correlation between the mutant phenotype and changes of these parameters.
All mutant lines, in particular s6 and r3, had a higher growth rate than wild-type callus grown on auxin-and cytokinin-containing medium (Table I ). The steady-state mRNA level of cell cycle genes was not strongly altered in the mutant lines, unlike the deregulation that occurs in animal tumors (Hunter, 1997) . In particular, the human cyclin D1 gene, and perhaps other D-type cyclins, are putative proto-oncogenes possibly activated by deregulated transcription (Motokura and Arnold, 1993) . In plants, the correlation between overexpression of genes encoding cell cycle regulators and differentiation is less clear. Cdc2 and CycB1 overexpression in Arabidopsis neither altered development nor caused neoplasia (Hemerly et al., 1995; Doerner et al., 1996) . In contrast, ectopic and enhanced expression of CycD3 perturbed plant growth and differentiation (Riou-Khamlichi et al., 1999) .
Most mutant lines showed a ratio of the S-phase marker H4 and Cdc2a similar to wild type. The Cdc2a/H4 ratio can be taken as a measure of the ratio of division-competent cells to cells that are actually dividing. A decrease in the Cdc2a/H4 ratio indicates a higher percentage of dividing cells. Indeed, the Cdc2/H4 mRNA ratios were lowest in the fast-growing mutant lines s6 and r3 (Table I ), indicating that cell division, and not just cell expansion, contributes to the faster growth. The fast-growing mutant lines s6, c2, and r3 also have the highest CycD3 steady-state levels (Table I ). This could indicate that CycD3 is limiting for growth in wild type and the other mutant lines and that deregulated CycD3 expression might be causally linked to the rapid growth.
The rooty callus mutants mimic an auxin phenotype, and the shooty callus mutants a cytokinin phenotype in the absence of exogenous hormones. This led us to study hormone content and signal transduction in the mutant lines. In the following sections the results are discussed separately for rooty and shooty callus lines.
The rooty Mutant Lines
In three of the rooty callus lines (r1, r2, and r6), we detected a significantly elevated content of free and conjugated IAA (Table II) . Two mutants that overproduce auxin have been previously reported in Arabidopsis. One mutant overproliferating lateral roots was independently isolated several times and called sur1 (Boerjan et al., 1995) , rty (King et al., 1995) , hls3 (Lehman et al., 1996) , and alf1 (Celenza et al., 1995) . The RTY/SUR1 gene encodes a protein similar to Tyr aminotransferases possibly implicated in auxin synthesis (Golparaj et al., 1996) . sur1 mutants produce calli that grow on hormone-free medium (Boerjan et al., 1995; King et al., 1995; Delarue et al., 1998) . Recently, a second auxinoverproducing mutant, sur2, has been identified in Arabidopsis (Delarue et al., 1998) . However, sur2 explants are unable to sustain auxin-autonomous growth. It is possible that the auxin-overproducing rooty callus harbor mutated alleles of the RTY/SUR1 gene.
Lines r3 and c2 had normal auxin contents but increased IAA1 and IAA2 transcript levels. This indicates that auxin signal transduction is affected in these mutant lines. Possibly, a loss-of-function mutation of a repressor of the Figure 4 . Northern-blot analysis of CKI1 steady-state mRNA levels in wild-type seedlings (wt, s), wild-type calli (wt, c), and mutant calli. Total RNA (50 g) was separated in a denaturing formaldehyde gel and, after blot transfer to a nylon filter, hybridized with 32 P-labeled specific cDNA probes. Hybridization with a 25S rDNA probe served as a control for loading. Figure 5 . Northern-blot analysis KNAT1 and STM steady-state mRNA levels in wild-type seedlings (wt, s), wild-type calli (wt, c), and mutant calli. Total RNA (50 g) was separated in a denaturing formaldehyde gel and, after blot transfer to a nylon filter, hybridized with 32 P-labeled specific cDNA probes. Hybridization with a 25S rDNA probe served as a control for loading.
auxin response results in a constitutive auxin response. Similar mutants have yet to be described. Two mutants, age1 and age2, that show enhanced auxin sensitivity of an IAA gene promoter or ectopic promoter activity in the absence of exogenous IAA were isolated previously (Oono et al., 1998) . In contrast to the lines described here, these mutants did not show altered tissue differentiation.
Interestingly, r4 and r5 have neither an altered auxin content nor an altered transcript level of the IAA1 and IAA2 genes (Fig. 3) . However, r4 and r5 have enhanced steadystate mRNA levels of another auxin response gene, IAA9 (M. Frank and T. Schmü lling, unpublished results). This suggests either that r4 and r5 are mutated in a different auxin response pathway than the other rooty callus mutants, or they are mutated in a gene that regulates functions downstream of IAA1 and IAA2. In comparison, undifferentiated or root-forming Arabidopsis mutant lines obtained by ␥-radiation did neither contain increased auxin concentrations, which supports the notion that this phenotype can be induced without increased auxin (Campell and Town, 1991) . In conclusion, these results indicate that the screening procedure has the potential to identify new loci of the auxin response pathway.
The shooty Mutant Lines
None of the shooty callus lines had a significantly altered auxin or cytokinin content. Only in line c1 did we detect strongly elevated cytokinin concentrations (Table III) . The strong reduction of cytokinin oxidase activity in this line (Table IV) could affect c1 hormone homeostasis. The accumulation of cytokinin conjugates might be a detoxification mechanism that operates to avoid the accumulation of toxic concentrations of biologically active cytokinins. The results presented here suggest that a reduction in cytokinin oxidase activity may result in accumulation of conjugates and unorganized growth of tissue. A cytokinin oxidase gene has been cloned from maize (Houba-Hérin et al., 1999; Morris et al., 1999) , and several homologous candidate genes are identifiable by comparison with the genomic sequence in Arabidopsis (K. Lemcke, T. Werner, and T. Schmü lling, unpublished results). Therefore, loss-offunction studies become feasible for this enzyme. Experiments to test the influence of reduced cytokinin oxidase activity on differentiation processes are in progress. The steady-state mRNA level of the CKI1 His kinase gene is enhanced in all shooty callus mutant lines (Fig. 4) . CKI1 is likely to be involved in cytokinin signaling (Kakimoto, 1996) . Transgenic overexpressors of the CKI1 gene share phenotypic characteristics such as cytokinin-independent proliferation and shoot formation with the shooty callus lines. Mutations in negative regulatory elements of CKI1 could be the reason for the enhanced CKI1 transcript levels and the constitutive cytokinin response phenotype of the shooty callus lines. However, the present data do not exclude the possibility that the higher gene expression levels are merely a consequence of the mutant's morphology and not a cause.
Simlarily, we observed in the shooty callus lines an increase in the steady-state mRNA levels of the shootmeristem-specifying class I homeobox gene STM (Fig. 5) . We hypothesize that lines overexpressing both CKI1 and STM are mutated in a pathway that links CKI1 and STM functionally. The differences in relative transcript abundance could be due to different types of mutations and/or to overproliferation of different tissues. Likewise, differences in the up-regulation of KNAT1 in the different mutant lines and in comparison with STM accumulation (Fig.  5) could reflect a different contribution of the original KNAT1 expression domain to the callus tissue. KNAT1 transcript is localized in the wild type primarily in the peripheral zone of the vegetative shoot apical meristem (Lincoln et al., 1994) , while STM is expressed in a central region (Endrizzi et al., 1996; Long et al., 1996) .
In this context it is noteworthy that the cytokininoverproducing amp1 mutant and transgenic cytokinin overproducers also have increased steady-state mRNA levels of STM and KNAT1. It was therefore hypothesized that cytokinins participate in the regulation of homeobox gene expression (Rupp et al., 1999) . The fact that STM-and KNAT1-overexpressing shooty callus lines do not have an altered cytokinin content is compatible with the hypothesis that cytokinins act upstream of KNAT1 and STM.
Enhanced cytokinin signaling by CKI1 in the shooty callus lines might be causally related to enhanced shoot meristem activity through deregulation of shoot-meristem-specifying homeobox genes. This raises the possibility that cytokinins, CKI1, and these homeobox genes act on the same pathway. Further experimental proof is required to support this hypothetical model.
CONCLUSIONS
Our experimental results indicate that the phenotype of all rooty callus lines and of line c2 is linked to increased auxin content or signaling. In all shooty callus lines and in line c1, we found increased cytokinin content or indications of enhanced cytokinin signaling. Thus, the analyses of hormone content and hormone sensitivity have so far confirmed our operational concept. This supports the idea that tightly regulated auxin and cytokinin metabolism and signaling are a prerequisite for coordinated growth and development.
This pilot study demonstrates that screening for such mutants and analysis of known hormonal parameters provides a useful approach to identify new factors involved in auxin and cytokinin metabolism and/or signal transduction. The phenotypic differences between different shooty callus lines and differences in the expression of marker genes suggests that mutations of different genes have occurred in the various lines. One new genetic locus has been identified in the progeny of line s1 and we have been able to identify similar mutants from mutagenized single lines that map to different chromosomal locations. We are currently analyzing the early events during the dedifferentiation process caused by these mutations (M. Frank, I. Lorenz-Meyer, A. Guivarch, D. Chriqui, and T. Schmü lling, unpublished results).
